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In re: Jonathan Mark Cooper; Vincent Benoit; James Stewart Aitcheson 
Serial No.: To Be Assigned 
Filed: Concurrently Herewith 
For: ASSAY SYSTEM 



September 25, 2001 

Attn: DO/EO/US 
Box PCT 

Commissioner for Patents 
Washington, DC 20231 

PRELIMINARY AMENDMENT 

Sir: 

Please enter the following Preliminary Amendment before examining the 
present application. Pursuant to the new rules for amendments under 37 C.F.R. 
§1.121, the specification and claims have been amended herein using the replacement 
paragraphs and rewritten claims format. The present amendment also includes a 
section entitled "VERSION WITH MARKINGS TO SHOW CHANGES MADE" 
attached hereto. 



In the Specification : 

Page 1 , line 1 (after the title), please insert the following section: 

-RELATED APPLICATIONS 

The present application is a National Phase application of PCT/GBOO/01050 
filed on March 27, 2000 and published in English, which claims priority from 
Application GB 9906929.6 filed on March 26, 1999.- 



Page 1, line 1, please insert -FIELD OF THE INVENTION- after the 
"RELATED APPLICATION" section. 

Page 1, line 5, please insert -BACKGROUND OF THE INVENTION- 
before the paragraph beginning on line 5. 

Page 2, line 13, please insert -SUMMARY OF THE INVENTION- before 
the paragraph beginning on line 13. 
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Page 8, line 9, please insert -BRIEF DESCRIPTION OF THE DRAWINGS-- 
before the paragraph beginning on line 9. 

Page 9, line 1, please insert -DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS- before the paragraph beginning on line 1, 

In the Claims : 

Please enter amended Claims 3-5, 7, 9, 11, 14, 17-19, 22, 24, 26-27, 30, 34 
and 38, as follows: 

3. (Amended) The apparatus of claim 1 further comprising a filter to reduce 
the amount of excitation radiation reaching the detection means. 

4. (Amended) The apparatus of claim 1, wherein the sample presentation 
means comprises multiple sample-receiving areas. 

5. (Amended) The apparatus of claim 1, wherein the diffracting means is a 
diffractive optical element comprising a diffraction grating etched on the surface of a 
radiation-transparent plate. 

7. (Amended) The apparatus of claim 5, wherein the plate is a firequency 
dependent substrate, such that applying energy at a given selected frequency to the 
plate will cause the plate to alter its conformation, and so the conformation of the 
diffraction grating, 

9. (Amended) The apparatus of claim 1, wherein the diffracting means 
diffi-acts a single input radiation beam of a defined wavelength into a defined multiple 
beam pattern. 

11, (Amended) The apparatus of claim 9 further comprising an additional 
diffractive optical element which diffracts the muhiple beam pattem into a parallel 
beam pattem. 
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14. (Amended) The apparatus of claim 1, further comprising multiple 
diffractive optical elements, organised in a spatial arrangement corresponding to the 
arrangement of the multiple sample-receiving areas for collecting and focussing 
radiation emitted by each sample. 

17. (Amended) The apparatus of claim 1 wherein the radiation detection 
means comprises a CCD array. 

18. (Amended) The apparatus of claim 1, further comprising polarising filters 
in both the excitation and emission radiation paths. 

19. (Amended) The apparatus of claim 1, further comprising a dichroic 
surface disposed so as to direct excitation radiation to the sample presentation means, 
and to direct emitted radiation to the detection means. 

22. (Amended) A method of assaying multiple samples simultaneously, the 
method comprising the steps of: 

providing at least one source of excitation radiation of at least a first 
wavelength; 

diffracting the excitation radiation into multiple radiation beams, the spatial 
pattern of the beams corresponding to a spatial arrangement of multiple samples; and 

exciting the samples by the excitation radiation, and detecting radiation of at 
least a first emitted wavelength emitted by the samples. 

24. (Amended) The method of claim 22, wherein two sources of excitation 
radiation are provided, one source providing excitation radiation at a first wavelength 
and the other source providing excitation radiation at a second wavelength. 

26. (Amended) The method of claim 22 wherein the assay is a surface 
plasmon resonance assay. 



In re: Jonathan Mark Cooper; Vincent Benoit; 

James Stewart Aitcheson 
Serial No.: To Be Assigned 
Filed: Concurrently Herewith 
Page 4 of 9 

27. (Amended) The method of claim 22 further comprising the step of 
providing a dichroic surface in the path of both the excitation radiation and the 
emission radiation, so as to direct the excitation radiation to the samples, and to direct 
the emission radiation to a detector means, 

30. (Amended) The sample holder of claim 28 further comprising an 
additional diffractive optical element for diffracting excitation radiation, in use, to 
form a radiation pattern corresponding to the multiple sample-receiving areas. 

34, (Amended) The diffractive element holder of claim 31 wherein the 
multiple diffractive optical elements are formed on a single substrate. 

38. (Amended) The method of claim 36 wherein the steps are repeated several 
times with distinct molecular species so as to generate an array of distinct bound 
molecular species. 
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REMARKS 

The present Preliminary Amendment is being filed to conform the PCT 
application to U.S. practice upon entering the U.S. National Phase. In particular, 
section headings have been added, multiple claim dependencies have been eliminated 
and typographical errors in the claims have been corrected. Favorable examination 
and allowance of the present application is respectfully requested. 



Respectfully submitted, 




Registration No. 29,614 
Attomey for Applicants 

Myers Bigel Sibley & Sajovec, P.A. 
P.O. Box 37428 
Raleigh, North Carolina 27627 
Telephone: 919/854-1400 
Facsimile: 919/854-1401 

CERTIFICATE OF EXPRESS MAILING 

Express Mail Label No. EL 920743143 US 
Date of Deposit: September 25, 2001 

I hereby certify that this correspondence is being deposited with the United States Postal Service 
"Express Mail Post Office to Addressee" service under 37 CFR 1.10 on the date indicated above and is 
addresse^to: BOX PCT, Commissioner for Patents, Washington, DC 20231, Attn: DO/EO/US. 

^san E. Freedman 

Date of Signature: September 25, 200 1 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

The following is an addendum to the concurrently filed Preliminary 
Amendment in the above-referenced application. This addendum includes a marked- 
up version of the changes made to the claims by the present Preliminary Amendment. 

In the Claims : 

Claun 3 has been amended as follows: 

3. (Amended) The apparatus of claim 1 [or claim 2] further comprising a filter 
to reduce the amount of excitation radiation reaching the detection means. 

Claim 4 has been amended as follows: 

4. (Amended) The apparatus of [any preceding] claim L wherein the sample 
presentation means comprises multiple sample-receiving areas. 

Claim 5 has been amended as follows: 

5. (Amended) The apparatus of [any preceding] claim L wherein the 
diffracting means is a diffractive optical element comprising a diffraction grating 
etched on the surface of a radiation-transparent plate. 

Claim 7 has been amended as follows: 

7. (Amended) The apparatus of claim 5 [or claim 6], wherein the plate is a 
frequency dependent substrate, such that applying energy at a given selected 
frequency to the plate will cause the plate to alter its conformation, and so the 
conformation of the diffraction grating. 

Claim 9 has been amended as follows: 

9. (Amended) The apparatus of [any preceding] claim 1, wherein the 
diffracting means diffracts a single input radiation beam of a defined wavelength into 
a defined multiple beam pattern. 

Claim 1 1 has been amended as follows: 
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1 1 . (Amended) The apparatus of claim 9 [or claim 10] further comprising an 
additional diffractive optical element which diffracts the multiple beam pattern into a 
parallel beam pattern. 

Claim 14 has been amended as follows: 

14, (Amended) The apparatus of [any preceding] claim i, further comprising 
multiple diffractive optical elements, organised in a spatial arrangement 
corresponding to the arrangement of the multiple sample-receiving areas for 
collecting and focussing radiation emitted by each sample. 

Claim 17 has been amended as follows: 

17. (Amended) The apparatus of [any preceding] claim i wherein the 
radiation detection means comprises a CCD array. 

Claim 18 has been amended as follows: 

18. (Amended) The apparatus of [any preceding] claim further comprising 
polarising filters in both the excitation and emission radiation paths. 

Claim 19 has been amended as follows: 

19. (Amended) The apparatus of [any preceding] claim I, further comprising 
a dichroic surface disposed so as to direct excitation radiation to the sample 
presentation means, and to direct emitted radiation to the detection means. 

Claim 22 has been amended as follows: 

22. (Amended) A method of assaying multiple samples simultaneously, the 
method comprising the steps of: 

providing at least one source of excitation radiation of at least a first 
wavelength; 

diffracting the excitation radiation into multiple radiation beams, the spatial 
pattern of the beams corresponding to a spatial arrangement of multiple samples; and 
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exciting the samples by the excitation radiation, and detecting radiation of at 
least a first emitted wavelength emitted by the samples. 

Claim 24 has been amended as follows 

24. (Amended) The method of claim 22 [or claim 23], wherein two sources of 
excitation radiation are provided, one source providing excitation radiation at a first 
wavelength and the other source providing excitation radiation at a second 
wavelength. 

Claim 26 has been amended as follows: 

26. (Amended) The method of [claims 22 to 25] claim 22 wherein the assay is 
a surface plasmon resonance assay. 

Claim 27 has been amended as follows: 

27. (Amended) The method of [claims 22 to 26] claim 22 further comprising 
the step of providing a dichroic surface in the path of both the excitation radiation and 
the emission radiation, so as to direct the excitation radiation to the samples, and to 
direct the emission radiation to a detector means. 

Claim 30 has been amended as follows: 

30. (Amended) The sample holder of claim 28 [or claim 29] further 
comprising an additional diffractive optical element for diffracting excitation 
radiation, in use, to form a radiation pattern corresponding to the multiple sample- 
receiving areas. 

Claim 34 has been amended as follows: 

34. (Amended) The diffractive element holder of [claims 31 to 33] claim 3 1 
wherein the multiple diffractive optical elements are formed on a single substrate. 
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Claim 38 has been amended as follows: 

38. (Amended) The method of [claims 36 or 37] claim 36 wherein the steps 
are repeated several times with distinct molecular species so as to generate an array of 
distinct bound molecular species. 



^ 09/937518 

WO 00/58715 H \ PCT/GBOO/01050 

- 1 - JOOe Re0'd PCT/PTO 2 5 2001 

^ ASSAY SYSTEM 

The present invention relates to apparatus and to a 
method for use in assaying samples particularly, but not 
exclusively, for use in high throughput screening of 
biomolecules . 

Modern molecular biology and drug discovery 
techniques often involve assaying large numbers of 
samples in order to identify positive samples. A common 
technique involves the use of fluorescent or 
f luorescently labelled reporter molecules which 
selectively bind only to those sample molecules which 
have a desired characteristic (eg, DNA sequence, antigen 
binding site, presence of certain ionic species) . A 
collection of samples is illuminated with light of a 
specific excitation wavelength; the reporter molecules 
absorb this light and re-emit light of a second, usually 
longer, emission wavelength. In this way positive 
samples can be detected. Common fluorophores attached to 
reporter molecules include FITC, rhodamine, Cy-5 and 
Texas Red. Each fluorophore has a specific excitation 
and emission wavelength. Related techniques to which the 
present invention may be applied include, but are not 
limited to, enhanced chemi luminescence detection, ELISA, 
fluorescence in-situ PGR, and in vivo GFP techniques. 
The present invention could also be used in the 
photoactivation of suitable functional surfaces to 
selectively immobilise chemical or biological species 
such as DNA, ligands, antibodies and antigens etc. 

Multiple samples are often screened in standard- 
format 96 -well plates; or increasingly, compatible format 
high density plates, where each of the 96 'wells' is 
actually an array of multiple wells. 

In order to screen such large numbers of samples, 
each sample must be illuminated by the excitation 
radiation. Typically the entire plate is illuminated 
simultaneously, and the emission radiation detected by. 
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for example, a photographic plate. However; the 
materials used for manufacture of microtitre plates 
typically have some degree of autof luorescence, that is, 
they will fluoresce to some extent. This 
autof luorescence will often be sufficient to obscure a 
weak or faint signal, so leading to false positive and 
negative results , 

An alternative method is for a single beam of 
excitation radiation to illuminate each well individually 
in sequence; however, this may be relatively slow, and 
requires the excitation radiation beam to be moved 
precisely, exposing the system to the risk of mechanical 
failure . 

It is among the objects of embodiments of the 
present invention to alleviate or obviate these and other 
disadvantages of existing assay systems. 

This is achieved by diffracting a single excitation 
beam of radiation into multiple excitation beams, the 
spatial location of which correspond with the location of 
samples to be assayed. 

According to a first aspect of the present invention 
there is provided an apparatus for assaying samples, the 
apparatus comprising excitation means for emitting 
radiation of a first excitation wavelength, diffracting 
means for diffracting the excitation radiation in a 
radiation pattern, sample presentation means for 
presenting samples to be assayed, wherein the excitation 
radiation pattern coincides in location with the sample 
containing means, and detection means for detecting 
radiation of at least one emitted wavelength emitted by 
the samples, whereby, in use, the excitation radiation 
pattern creates emitted radiation of at least a second 
wavelength from the samples which is detected by said 
detection means. 

The apparatus of the present invention may 
conveniently be used in fluorescent biochemical assays, 
wherein positive samples are labelled by means of a 
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fluorophore, a chemical group which upon excitation by 
radiation of a particular wavelength emits radiation at 
the second, usually longer, wavelength. The apparatus 
of the present invention may also be used in assays 
5 wherein samples are labelled within two or more 

f luorophores, such that the emitted radiation comprises a 
plurality of wavelengths. These wavelengths may be 
detected simultaneously. Where a plurality of 
wavelengths are to be detected, conveniently the 

10 apparatus further comprises an emission filter means for 

selectively admitting emitted radiation of one of said 
plurality of emitted wavelengths. 

Preferably, the apparatus further comprises a filter 
to reduce the amount of excitation radiation reaching the 

15 detection means. 

Preferably, the sample presentation means comprises 
multiple sample -receiving areas. 

Preferably the diffracting means is a diffractive 
optical element comprising a diffraction grating etched 

20 on the surface of a radiation- transparent plate. 

Conveniently the plate is a quartz plate. 

Preferably the plate is a frequency dependent 
substrate, such that applying energy at a given selected 
frequency to the plate will cause the plate to alter its 

25 conformation, and so the conformation of the diffraction 

grating. This will enable the excitation radiation 
pattern to be altered with use of a single diffraction 
means. Conveniently, the frequency- dependent substrate 
is a piezoelectric material such that application of 

3 0 electrical energy to the substrate will cause the 

substrate to deform. 

Preferably, the diffracting means diffracts a single 
input radiation beam of a defined wavelength into a 
defined multiple beam pattern. Most preferably this 

35 defined multiple beam pattern corresponds with the 

pattern of the multiple sample -receiving areas. The 
person of skill in the art will be aware of techniques 
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whereby a diffractive optical element of any desired 
properties may be constructed. 

In order to design such a diffractive optical 
element, the complex wave amplitude description of the 
desired image is inverse-propagated, for example, by 
means of an inverse Fourier or Fresnel transformation, 
from the image plane to the diffractive element. 

The pattern thus defined may then be created on the 
substrate by means of, for example, photolithography and 
reactive ion etching, embossing techniques, ion-beam- 
milling, diamond turning or contact printing. 

When etching techniques are used, the depth of the 
etch corresponds to an optical phase change $>, where: 

2nh(ns - 1) 

ct> = 

A 

where ng, is the index of the diffractive element, h is 
the etch depth, and A is the wavelength of operation. In 
this case, the diffractive element is binary. If the 
process is repeated the diffractive element has four 
phases, and if three levels of lithography are used the 
diffractive element has eight phases. 

Preferably> the apparatus further comprises an 
additional diffractive optical element which diffracts 
the multiple beam pattern into a parallel beam^ pattern. 
This may be a separate lens, or may conveniently be 
formed integrally with the diffracting means. 

Preferably, the apparatus further includes multiple 
diffractive optical elements, organised in a spatial 
arrangement corresponding to the arrangement of the 
multiple sample-receiving areas for collecting and 
focussing radiation emitted by each sample. 
Conveniently, these multiple diffractive optical elements 
are formed integrally with the sample -containing means. 
The multiple diffractive optical elements may 
conveniently be multiple Fresnel lenses. 
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Conveniently, the radiation detection means may be 
photo-multiplier tubes ^ photo-diodes, a linear diode 
array, or photographic film or plates, but is preferably 
a CCD array, 

5 While the above -described apparatus is suitable for 

assays in which the emitted radiation is of a single 
wavelength, in some applications it may be desirable to 
assay samples in which multiple fluorophores are used, 
and so the emitted radiation is of multiple wavelengths, 
10 and multiple excitation wavelengths may also be 

necessary. 

According to a second aspect of the present 
invention there is provided apparatus for assaying 
samples comprising a first and a second excitation means 

15 for emitting radiation at a first and a second wavelength 

respectively, a first and a second diffracting means for 
diffracting the respective first and second excitation 
radiation emissions in respective first and second 
radiation patterns, sample presentation means for 

20 presenting samples to be assayed, wherein the first and 

second diffracted excitation radiation emissions coincide 
in location with the sample presentation means, filter 
means for selectively admitting emitted radiation of one 
of said first and second emitted wavelengths, and 

25 detection means for detecting radiation emitted by the 

sample . 

Conveniently, the filter means comprises a further 
diffractive optical element for diffracting radiation of 
the first and second emitted wavelengths to different 

3 0 extents, thereby creating two distinct signal patterns on 

the detection means, one for each emitted wavelength. 

The apparatus of the present invention may be used 
with many types of samples; typically the presentation 
means may be 96 -well plates, or high-density microtitre 

3 5 plates; however, the apparatus is suitable for use with 

such samples as liquids, gels, nylon membranes, solid 
supports, and DNA chips, among others. 
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According to a further aspect of the present 
invention there is provided a method of assaying multiple 
samples simultaneously, the method comprising the steps 
of: 

5 providing at least one source of excitation 

radiation of at least a first wavelengths- 
diffracting the excitation radiation into multiple 
radiation beams, the spatial pattern of the beams 
corresponding to a spatial arrangement of multiple 
10 samples; 

exciting the samples by the excitation radiation, 
and detecting radiation of at least a first emitted 
wavelength emitted by the samples. 

Preferably, the spatial arrangement of multiple 
15 samples is a two-dimensional array of samples. 

Preferably, two sources of excitation radiation are 
provided, one source providing excitation radiation at a 
first wavelength and the other source providing 
excitation radiation at a second wavelength. Preferably 
20 also, radiation of said first and said second emitted 

wavelengths is detected. 

According to a further aspect of the present 
invention there is provided a sample holder for use with 
apparatus for assaying samples having excitation means 
25 for emitting excitation radiation and detection means for 

detecting radiation emitted in use by samples, the sample 
holder having multiple sample-receiving areas and 
multiple optical elements arranged in locations 
corresponding to the sample -receiving areas, each of 
3 0 which, in use, collects and focuses radiation emitted by 

each sample for detection by said detection means. 

Preferably the multiple sample -receiving areas are 
arranged in a two-dimensional array. 

The sample holder may further include an additional 
35 diffractive optical element for diffracting excitation 

radiation, in use, to foirm a radiation pattern 
corresponding to the multiple sample-receiving areas. 
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According to a still further aspect of the present 
invention there is provided a diffractive element holder 
for use with an apparatus for assaying samples including 
excitation means for emitting excitation radiation, 
5 sample presentation means, and detection means for 

detecting radiation emitted in use by samples; wherein 
the diffractive element holder comprises a plurality of 
spaced substantially coplanar diffractive optical 
elements, each respective diffractive optical element 

10 being adapted to diffract radiation of a particular 

wavelength into a respective radiation pattern, the 
location of each diffractive optical element being 
adjustable with respect to said sample presentation means 
so as to enable each element to be used independently of 

15 the other elements to create its respective radiation 

pattern. 

Preferably the respective radiation patterns are 
substantially identical . Conveniently, the respective 
patterns have substantially identical footprints. 

20 In one embodiment of the present invention, the 

diffractive optical elements are formed on separate 
substrates; in an alternative embodiment, the multiple 
diffractive optical elements are formed on a single 
substrate. Conveniently, this is achieved by etching a 

25 diffraction grating on a substrate such that the depth 

and arrangement of the etches varies across the length of 
the diffraction grating. 

According to yet another aspect of the present 
invention, there is provided a method of manufacturing a 

3 0 substrate bearing an array of bound molecules, the method 

comprising the steps of : 

providing at least one source of excitation 
radiation; 

diffracting the excitation radiation into multiple 
35 radiation beams, the spatial pattern of the beams 

corresponding to a desired spatial arrangement of bound 
molecules ; 
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exciting a substrate bearing unbound molecules with 
the excitation radiation, so as to activate a 
photocheTTiical reaction between the unbound molecules and 
the substrate and to bind the molecules to the substrate 
on those parts of the substrate excited by the excitation 
radi a t i on ; and 

removing any remaining unbound molecules from the 
substrate . 

These and other aspects of the present invention 
will now be described by way of example only and with 
reference to the accompanying figures, in which: 

Figure 1 shows a schematic diagram of a system for 
assaying samples according to a first embodiment of the 
present invention; 

Figure 2 shows an apparatus for assaying samples 
according to the system outlined in Figure 1; 

Figures 3a and 3b show respective enlarged sectional 
views of two embodiments of a sample holder suitable for 
use with the apparatus of Figure 2; 

Figure 4 shows a diagram of an apparatus for 
assaying samples according to a second embodiment of the 
present invention; 

Figures 5a and 5b show two focussing structures for 
providing parallel excitation beams for use with the 
present invention; 

Figure 6 shows a diffractive element holder of 
multiple diffraction gratings for use with the apparatus 
of Figure 2 or Figure 4 in accordance with a further 
embodiment of the present invention; 

Figure 7 shows an alternative diffractive element 
holder; 

Figure 8 shows a further embodiment of an apparatus 
for assaying samples in accordance with an aspect of the 
present invenrion; and 

Figure 9 is a sketch showing the use of an 
embodiment of the present invention in a surface plasmon 
resonance assay. 
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Referring first to Figure 1, this shows the general 
layout of apparatus 10 for assaying samples according to 
a first embodiment of the present invention. The 
apparatus 10 comprises an excitation means 12, such as a 
5 laser, for emitting excitation radiation of a specific 

wavelength. A beam of excitation radiation 14 is emitted 
and directed toward a radiation- transparent plate 16, 
with a diffraction grating 18 etched on the surface of 
the plate 16. The excitation radiation 14 is diffracted 

10 by diffraction grating 18 into a number of separate 

excitation beams 20. The diffraction grating 18 is 
constructed in such a manner that the pattern of the 
radiation beams 20 corresponds to the pattern of sample 
wells 22 on a sample plate 24 located at a specific 

15 distance from the diffraction grating 18. In use, each 

sample well 22 contains a sample to be assayed, the 
positive samples of which include a fluorophore which is 
excited by the radiation beams 20, and emits emission 
radiation 26. This radiation 26 is detected by a 

2 0 detector 28, which is connected to an image processor 30, 

whereby the results of the assay may be studied and 
analysed. 

Figure 2 shows a more detailed diagram of an 
apparatus as described above. The apparatus 4 0 includes 

25 an excitation radiation source 42 connected to a power 

supply 44. In this embodiment, the radiation source 42 
is a HeNe laser, emitting radiation 4 6 at a wavelength of 
632nm with a beam diameter of 0.5mm-5mm. A diffraction 
grating is etched on a quartz plate 48, designed 

30 specifically for use with 632nm light, at a predetermined 

distance from both radiation source 42 and sample holder 
50. It is a straightforward matter for those of skill in 
the art to design diffraction gratings having the desired 
characteristics, by means of tools such as are known in 

35 the art, as described above. 

The quartz plate 48 diffracts the radiation 46 into 
a pattern 4 9 corresponding to the pattern of sample wells 
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51 on a standard 96-well plate such as sample holder 50, 
Each excitation beam 49 excites a sample 52 in well 

51, which thereby emits emission radiation 54. In this 
example, Cy-5 is used as a fluorophore, which absorbs 

5 light at 632nm, and emits light at 640nm to 800nm with a 

pH and local environment dependent peak about G7 0nm. The 
emission radiation 54 passes through the lower surface of 
the sample holder 50, which in this embodiment 
incorporates a number of Fresnel lenses 56 to focus the 

10 light from each sample. The focussed light 58 is 

directed through an emission filter 59 /.which allows only 
emitted light to continue toward a CCD array 60, which 
detects the positive signals and which is connected to a 
personal computer 62, which processes the signals. 

15 In an alternative embodiment of the present 

invention, the emission filter 5 9 may be omitted, and the 
apparatus used with non-f luorescently-labelled samples 

52. The CCD array 60 will then detect excitation 
radiation which is not absorbed by the samples 52 . Such 

2 0 an embodiment is suitable for use in absorbence assays ^ 

such as ELISAs. A further variant replaces emission 
filter 59 with an excitation filter which will only pass 
excitation radiation, thereby reducing the effects of any 
unwanted sample fluorescence. 

25 Referring now to Figure 3a, this shows a section of 

the 96-well plate 48, including a number of wells 51, 
formed with Fresnel lenses 56 on the lower surface. The 
diagram shows how light 54 emitted by a sample 52 
radiates in all directions from the sample, but is 

30 generally focussed to a point 80 by the lens 56, in 

combination with mirrored walls 53 of the wells 51 . 

Figure 4 shows an apparatus for assaying samples 
according to another embodiment of the present invention. 
The apparatus 100 is suitable for detection of two 

3 5 fluorophores simultaneously. The apparatus 10 0 includes 

two light sources 102,104, producing light 106,108 at 
different wavelengths. Two diffraction gratings 110 and 
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112 are provided, each designed for use with a specific 
wavelength of light. The diffraction gratings are 
designed so as to diffract light from each light source 
into the same pattern on the same sample holder 114 . In 
this embodiment, each sample contains two fluorophores 
which are excited at different, first wavelengths, and 
emit at different, second wavelengths. The mixed emitted 
light 116 passes through and is focussed by Fresnel 
lenses 118, and then to a further diffraction grating 120 
which serves as a filter. The grating 120 diffracts 
light of different wavelengths by different amounts, so 
producing two beams of emitted light 122, 124 from each 
well, and generating multiple non- overlapping signals 
from each sample on the CCD array 126, In this manner 
multiple fluorophores may be detected simultaneously. 

Turning now to Figure 5a, this shows a focussing 
structure for obtaining parallel excitation beams. For 
many applications it may be desirable for the excitation 
beams to be made parallel before contacting the sample 
holders. Figure 5a shows schematically a system 130, 
whereby a diffraction grating 132 produces multiple 
divergent beams 134. Use of a convex lens 136 collimates 
the beams 134; such that the beams may be used to excite 
samples at any distance from the diffraction grating 132. 
The lens 13 6 may be used with the apparatus of Figure 2, 
and is located between the sample holder 50 and the 
diffractive element 132,48. 

Figure 6 shows a diffractive element holder for 
receiving several different gratings for use with the 
apparatus of the embodiments described above. It is 
often of use to be able to excite samples with different 
wavelengths of light, in order to detect different 
fluorophores. As each wavelength of light requires a 
specifically-made diffraction grating, the holder 15 0 
containing a number of different gratings 152 is of great 
benefit. The holder may be rotated in use to select the 
appropriate grating by bringing the desired grating 152 
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into alignment with the excitation beam source and the 
sample holder. 

Figure 7 shows an alternative embodiment of a 
diffractive element holder 160 located over a microtitre 
plate 161. In this example, the element holder 160 
comprises a single substrate 162, on which is etched a 
diffractive grating pattern 164 which varies over the 
length of substrate 162. Thus, a user may move the 
holder 160 in the direction of arrows A to make use of 
the varying properties of the diffraction grating and, 
consequently, change the radiation pattern reaching plate 
161 . 

Figure 8 shows an embodiment of the present 
invention in the form of an apparatus for assaying 
epif luorescence of a sample. The apparatus 18 0 is 
similar to those described above, comprising a light 
source 182, an excitation filter 184, a collimating lens 
arrangement 186, a diffraction grating 188, a sample 
holder 190, and a CCD array 192. 

The epif luorescence apparatus differs from those 
described previously in that a dichroic mirror 194 is 
provided between the diffraction grating 188 and sample 
holder 19 0, which reflects excitation radiation toward 
the sample holder 190, while emission radiation from the 
sample is allowed to pass through the dichroic mirror 
194 where it is directed by a further series of mirror 
196, lens 198, and emission filter 200 towards the CCD 
array 192. 

An alternative arrangement may be made for measuring 
fluorescence polarisation of a sample, by the addition of 
a polariser 2 02 in the excitation path, and an analyser 
204 (essentially another polariser) in the emission path. 
The polariser 202 and analyser 204 are marked on figure 8 
in dotted outline. Upon excitation with a polarised 
beam, fluorescence emission is partially polarised. The 
degree of polarisation is related to rotational 
correlation time of an analyte . Therefore, the degree of 
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binding between two molecules in a sample may be 
measured; the present invention allows multiple readings 
to be made simultaneously, 

A yet further application of the present invention 
is illustrated in figure 9, which shows the measurement 
of surface plasmon resonance (SPR) of a sample. Multiple 
parallel excitation beams 210 are showing impinging on a 
test sample at an angle 9. The test sample comprises a 
translucent dielectric 212, such as glass, with a surface 
layer 214 of metal, such as gold, of a thickness of a few 
nanometers. If the angle 0 is selected correctly, 
(dependent on the metal used and the desired depth of 
penetration) the excitation radiation generates an 
evanescent electric field 213 on the surface layer 214 of 
gold which propagates along the surface layer 214 as 
shown. This field 213 is sufficient to excite samples 
216 bound to the gold layer 214, which then generates an 
emission radiation 218, which is detected by a CCD 
detector 220. Multiple samples may be detected 
simultaneously, using the multiple parallel beams 
generated by the embodiments of the present invention. 
An variation of this embodiment of the invention makes 
use of the total internal reflective properties of a 
transparent dielectric to excite samples bound directly 
to the surface of such a dielectric 212, rather than to a 
gold surface layer 214 because the electric field 
generated by the impinging excitation beams is sufficient 
to penetrate the dielectric surface and excite the bound 
samples . 

It will be apparent to those of skill in the art 
that various modifications and improvements may be made 
to the apparatus and method described herein without 
departing from the scope of the invention. 

For example, a sample holder for use with the 
present invention may include integral Fresnel lenses to 
focus the emitted radiation, as described above. 
Alternatively, a focussing mechanism may be provided 
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separately of the sample holder; or, for some 
applications ; a focussing mechanism may not be necessary 
and is not provided. Each Fresnel lens may also be 
provided with an individual integral detection means. 

Figure 3b shows a section of an alternative sample 
holder 90; in this case a support for electrophoretic 
gels 92. The gel 92 contains DNA or RNA fragments 94, 
which are illuminated by excitation radiation 96. In 
this embodiment, the lenses 98 are formed separately from 
the sample holder 90. 

Concerning the embodiment of Figure 4, for detecting 
multiple f luorophores, the diffraction grating 120 may be 
replaced by a pair of interchangeable filters which each 
admit light of only one wavelength. In this manner, the 
signal from each fluorophore may be detected 
individually . 

For those applications in which collimated 
excitation beams are necessary, an alternative 
collimating structure 140 is shown in Figure 5b. In this 
embodiment, the plate 142 on which the diffraction 
grating is etched is itself lenticular, thereby 
automatically collimating the beams 144 as they leave the 
diffraction grating. 

The embodiments thus far described have one or two 
diffractive optical elements for splitting excitation 
radiation into a defined, fixed multiple beam pattern. 
In an alternative embodiment the diffractive optical 
element includes a piezoelectric plate as a substrate. 
Varying the frequency of electricity applied to the plate 
causes the plate to alter conformation which, in turn, 
alters the multiple beam pattern produced by the plate. 
This enables a single diffractive optical element to be 
used with a number of alternate arrangements of samples, 
so providing greater flexibility to the system. 

The diffractive element holder described above may 
be produced for use with the system of Figure 4, wherein 
multiple gratings may be used simultaneously with 
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separate light sources. Selectable pairs of gratings 
may of course be provided. Furthermore, the holder need 
not be rotatable: a linear arrangement of gratings may be 
provided, or indeed a column of gratings, one of which 
may be aligned with the light source and the sample 
holder. 

While the present invention has been described for 
use in an assay system, it will be understood that the 
invention is not limited to this use. For example, the 
apparatus and method have an application in 
photochemistry, where light or other electromagnetic 
radiation of a specific wavelength may be used to cause a 
chemical reaction in an array of defined locations. 

For instance an array of molecules may be built up on 
a substrate by coating the substrate with a solution of 
photoactivatable molecules, illuminating the substrate in 
a predetermined pattern by means of a diffraction grating 
and laser, substantially as described above, such that 
those areas which are illuminated are activated to bind the 
molecule to the substrate, and washing off the unbound 
molecules. This process may be repeated several times, 
with different diffraction gratings if desired or by 
rotating the diffraction grating or substrate between 
exposures, in order to build up a complex array of bound 
molecules. Such a method is of use in assembling DNA 
"chips", or combinatorial chemistry libraries, and the 
like, by sequentially binding layers of nucleotides or 
amino acids for example. 

It should be understood that for such synthetic uses 
of the present invention (unlike the analytical uses 
described above} , it is unnecessary to provide a detector 
arrangement in these embodiments. 

Although the majority of excitation radiation 
passing through the diffraction grating will be 
diffracted, some will not be diffracted, and will pass 
directly to the sample. Such "zeroth order" radiation 
may be used in any of the embodiments of the present 
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inverxtion to calibrate the amount of radiation reaching 
the sample, or to provide an alignment marker for 
aligning sample holders with the diffracted excitation 
radiation. 

5 A further use of the present invention is with 

turbidity or nephrometry assays. 

For all aspects of the invention, the beam diameter 
and diffracted beam pattern may be varied by adjusting 
the ratio of focal lengths of the objective lenses as 
10 shown in, for example, figure 8, or by varying the 

position of the diffraction grating. 

It will be apparent to those of skill in the art 
that the present invention provides an assay system 
whereby multiple samples may be assayed simultaneously 
15 and rapidly, with a high signal-to-noise ratio, high 

sensitivity, high speed, and reliably, as there are no 
moving parts to the system. 
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CLAIMS 



1. An apparatus for assaying samples, the apparatus 
comprising excitation means for emitting radiation of a 
first excitation wavelength, diffracting means for 
diffracting the excitation radiation in a radiation 

5 pattern, sample presentation means for presenting samples 

to be assayed, wherein the excitation radiation pattern 
coincides in location with the sample presentation means, 
and detection means for detecting radiation of at least 
one emitted wavelength emitted by the samples, whereby, 
10 in use,' the excitation radiation pattern creates emitted 

radiation of at least a second wavelength from the 
samples which is detected by said detection means. 

2. The apparatus of claim 1, further comprising an 

15 emission filter means for selectively admitting emitted 

radiation of one of said plurality of emitted 
wavelengths . 



3 . The apparatus of claim 1 or claim 2 further 

2 0 comprising a filter to reduce the amount of excitation 

radiati on reaching the detection means . 

4. The apparatus of any preceding claim, wherein the 
sample presentation means comprises multiple sample- 

25 receiving areas. 



5. The apparatus of any preceding claim, wherein the 
diffracting means is a diffractive optical element 
comprising a diffraction grating etched on the surface of 

30 a radiation-transparent plate, 

6 . The apparatus of claim 5 wherein the plate is a 
quartz plate. 



35 



7. The apparatus of claim 5 or claim 6, wherein the 
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plate is a frequency dependent substrate, such that 
applying energy at a given selected frequency to the 
plate will cause the plate to alter its conformation, and 
so the conformation of the diffraction grating. 

5 

8. The apparatus of claim 7, wherein the frequency- 
dependent substrate is a piezoelectric material such that 
application of electrical energy to the substrate will 
cause the substrate to deform. 

10 

9. The apparatus of any preceding claim, wherein the 
diffracting means diffracts a single input radiation beam 
of a defined wavelength into a defined multiple beam 
pattern. 

15 

10. The apparatus of claim 9, wherein said defined 
multiple beam pattern corresponds with the pattern of the 
multiple sample -receiving areas. 

20 11, The apparatus of claim 9 or claim 10 further 

comprising an additional diffractive optical element 
which diffracts the multiple beam pattern into a parallel 
beam pattern. 



25 12. The apparatus of claim 

diffractive optical element 

13 . The apparatus of claim 
diffractive optical element 
3 0 diffracting means. 



11, wherein the additional 
is a separate lens. 

11, wherein the additional 
is formed integrally with the 



14. The apparatus of any preceding claim, further 
comprising multiple diffractive optical elements, 
organised in a spatial arrangement corresponding to the 
3 5 arrangement of the multiple sample- receiving areas for 

collecting and focussing radiation emitted by each 
sample . 
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15. The apparatus of claim 14, wherein said multiple 
diffractive optical elements are formed integrally with 
the sample-containing means. 

5 16. The apparatus of claim 15, wherein the multiple 

diffractive optical elements are multiple Fresnel lenses. 

17. The apparatus of any preceding claim wherein the 
radiation detection means comprises a CCD array. 

10 

18. The apparatus of any preceding claim, further 
comprising polarising filters in both the excitation and 
emission radiation paths. 

15 19. The apparatus of any preceding claim, further 

comprising a dichroic surface disposed so as to direct 
excitation radiation to the sample presentation means, 
and to direct emitted radiation to the detection means. 

20 20. An apparatus for assaying samples comprising a first 

and a second excitation means for emitting radiation at a 
first and a second wavelength respectively, a first and a 
second diffracting means for diffracting the respective 
first and second excitation radiation emissions in 

25 respective first and second radiation patterns, sample 

presentation means for presenting samples to be assayed, 
wherein the first and second diffracted excitation 
radiation emissions coincide in location with the sample 
presentation means, filter means for selectively 

3 0 admitting emitted radiation of one of said first and 

second emitted wavelengths, and detection means for 
detecting radiation emitted by the sample. 

21. The apparatus of claim 18, wherein the filter means 
35 comprises a further diffractive optical element for 

diffracting radiation of the first and second emitted 
wavelengths to different extents, thereby creating two 
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distinct signal patterns on the detection means, one for 
each emitted wavelength. 



22 . A method of assaying multiple samples 
5 simultaneously, the method comprising the steps of: 

providing at least one source of excitation 
radiation of at least a first wavelengths- 
diffracting the excitation radiation into multiple 
radiation beams, the spatial pattern of the beams 
10 corresponding to a spatial arrangement of multiple 

samples ; 

exciting the samples by the excitation radiation, 
and detecting radiation of at least a first emitted 
wavelength emitted by the samples. 

15 

23 . The method of claim 22 wherein the spatial 
arrangement of multiple samples is a two-dimensional 
array of samples , 

20 24. The method of claim 22 or claim 23, wherein two 

sources of excitation radiation are provided, one source 
providing excitation radiation at a first wavelength and 
the other source providing excitation radiation at a 
second wavelength. 

25 

25. The method of claim 24 wherein radiation of said 
first and said second emitted wavelengths is detected. 

26. The method of claims 22 to 25 wherein the assay is a 
3 0 surface plasmon resonance assay. 

27. The method of claims 22 to 26 further comprising the 
step of providing a dichroic surface in the path of both 
the excitation radiation and the emission radiation, so 

3 5 as to direct the excitation radiation to the samples, and 

to direct the emission radiation to a detector means . 
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28. A sample holder for use with apparatus for assaying 
samples having excitation means for emitting excitation 
radiation and detection means for detecting radiation 
emitted in use by samples, the sample holder having 
multiple sample -receiving areas and multiple optical 
elements arranged in locations corresponding to the 
sample -receiving areas, each of which, in use, collects 
and focuses radiation emitted by each sample for 
detection by said detection means. 

29. The sample holder of claim 28, wherein the multiple 
sample -receiving areas are arranged in a two-dimensional 
array . 

30. The sample holder of claim 28 or claim 29 further 
comprising an additional diffractive optical element for 
diffracting excitation radiation, in use, to form a 
radiation pattern corresponding to the multiple sample - 
receiving areas . 

31. A diffractive element holder for use with an 
apparatus for assaying samples including excitation means 
for emitting excitation radiation, sample presentation 
means, and detection means for detecting radiation 
emitted in use by samples; wherein the diffractive 
element holder comprises a plurality of spaced 
substantially coplanar diffractive optical elements, each 
respective diffractive optical element being adapted to 
diffract radiation of a particular wavelength into a 
respective radiation pattern, the location of each 
diffractive optical element being adjustable with respect 
to said sample presentation means so as to enable each 
element to be used independently of the other elements to 
create its respective radiation pattern, 

32. The diffractive element holder of claim 31, wherein 
the respective radiation patterns are substantially 
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identical . 

33. The diffractive element holder of claim 31 or claim 
32 wherein the respective patterns have substantially 
identical footprints . 

34. The diffractive element holder of claims 31 to 33 
wherein the multiple diffractive optical elements are 
formed on a single substrate. 

35. The diffractive element holder of claim 34, wherein 
a diffraction grating is etched on a substrate such that 
the depth and arrangement of the etches varies across the 
length of the diffraction grating, 

36. A method of manufacturing a substrate bearing an 
array of bound molecules, the method comprising the steps 

of: 

providing at least one source of excitation 
radiation; 

diffracting the excitation radiation into multiple 
radiation beams, the spatial pattern of the beams 
corresponding to a desired spatial arrangement of bound 
molecules ; 

exciting a substrate bearing unbound molecules with 
the excitation radiation, so as to activate a 
photochemical reaction between the unbound molecules and 
the substrate to bind the molecules to the substrate on 
those parts of the substrate excited by the excitation 
radiation; and 

removing any remaining unbound molecules from the 
substrate . 

37. The method of claim 36 wherein the molecules are 
nucleic acid molecules. 

38. The method of claims 36 or 37 wherein the steps are 
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repeated several times with distinct molecular species so 
as to generate an array of distinct bound molecular 
species , 
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Great Britain 

c/o 2 The Square, University Avenue 
Glasgow G12 8QQ, United Kingdom 
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Inventor's 



^^^^^^^^ Signature: ^^^^^^^ Date: AJHOv^£.^-Ur Z g^^. 2i2X) 

Residence: Glaago^JJmted Kingdom ^/ 1^^^ 

Citizenship: France 

Mailing Address: 35 Henderson Street, Glasgow G20 6HP 

United Kingdom 
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Full name of third inventor: James Stewart Aitchison 

. Inventor's .^-^ « j • 

Signature: ^--S, fuAc — Patf;' 1% 2j:i^ I 

Residence: Glasgow,' United Kingdom 



Citizenship: Great Britain 

Mailing Address: 127 Dowanhill Street, Glasgow G12 9DN 

United Kingdom 
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